Arsenic trioxide inhibits DNA methyltransferase and restores expression of methylation-silenced CDKN2B/CDKN2A genes in human hematologic malignant cells.
Cyclin-dependent kinase inhibitors CDKN2B and CDKN2A are tumor suppressor genes that are frequently dysregulated in a variety of cancers. Aberrant regulation via DNA hypermethylation causes gene silencing. Arsenic trioxide has been successfully used to treat malignant, hematopoietic diseases and is known to act by induction of apoptosis and inhibition of cellular proliferation. However, arsenic trioxide has been recently reported to act via inhibition of DNA hypermethylation in some solid tumors. The goal of this study was to explore the mechanism of arsenic trioxide induced demethylation of the CDKN2B and CDKN2A promoters in the hematologic malignant cell lines Molt4, MUTZ-1, U937, U266 and CA46. We used bisulphate modification and nested-methylation specific PCR to determine the levels of methylated and unmethylated promoter sequences in untreated and As2O3-treated cells. We used semi-quantitative RT-PCR and immunoblotting to quantify CDKN2B and CDKN2A mRNA and protein levels, respectively. We measured DNMT activity in nuclear extracts of untreated and treated cells using radiolabeled SAM as a methyl donor. The CDKN2B promoter was hypermethylated in Molt4 and MUTZ-1 cells, while the CDKN2A promoter was hypermethylated in U937, U266 and CA46 cells. As2O3 treatment caused demethylation associated with an increase in mRNA levels of the CDKN2B and CDKN2A genes. We also demonstrated a concomitant inhibition in DNMT activity and DNMT mRNA levels in As2O3-treated cells. In summary, As2O3 restored expression levels of tumor suppressor genes in hematologic malignant cells by causing promoter demethylation along with an inhibition of DNMTs 1, 3a and 3b.